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Field of the Inv«w;»„ 

[0001] The present invention relates to the field of turbo generators for 
generating electrical energy, and more particularly to cooling turbo generators. 

Background »f *h„ Invention 

[0002] In order to cool a rotor or remove its electrical heat losses in a generator, 
a (mostly gaseous) cooling medium flows through the rotor (see, for example, 
EP-A1-0 854 559). An important factor for good cooling is hereby the inflow 
geometry at the front faces of the rotor. A known inflow geometry is shown in 
Fig. 1A and IB, whereby Fig. IB shows an unwound view of the rotor front face, 
and Fig. 1A the section through the (not unwound) rotor front face in the plane 
A-A of Fig. IB. The rotor 10 of a generator (13) comprises a central, cylindrical 
rotor body 18, around which one or more rotor winding(s) 14 is/are provided on 
the outside. The rotor winding 14 passes through the rotor active part 1 1 in 
several conductor bundles parallel to the rotor axis and makes a turn-around of 
180° in the rotor winding head 12 between two conductor bundles. The widening 
space is closed off on the front face by an annular cap plate 19 (22 in Fig. 2 of EP- 
Al-0 854 559). End spacer plates 16 with the shape of a ring segment are 
provided between the cap plate 19 and the rotor winding 14. The section of the 
end spacer plates 16, whereby said section is projecting into the ring gap between 
the rotor winding 14 and rotor body 18, forms a continuous dividing wall together 
with two each axial chamber walls 15, 15", separating a cold gas chamber 25 and a 



warm gas chamber 32 with a gas inlet 21 and a gas outlet 22 (via corresponding 
ventilation grooves 20) from each other. The end spacer plate 16 is hereby used as 
a holder for the chamber walls 15, 15' . In most cases, this results in an overhang 
24 that reaches into the cold gas chamber 25. In unfavorable cases, this overhang 
24 even has an extension 23. 

[0003] The sharp-edged termination of the overhang 24 or its extension 23 
towards the adjoining cold gas chamber 25 is responsible for a strong contraction 
associated with separations of the stream. These stream separations (eddies 27) 
result in an uneven coolant supply to the rotor winding(s) (14) at the 
circumferential speed of the rotor 10. The resulting speed w of the coolant stream 
relative to the rotor 10 is hereby created according to the velocity triangle 26 in 
Figure 1C by the vectorial overlapping of the axial flow speed c and the 
circumferential speed u of the rotor 10. 

[0004] In order to avoid such separations, the initially mentioned EP-A1-0 854 
559 already suggested to provide a glass guide ring (GGR) in the form of a two- 
stage flow grate in the inlet area of the cold gas between the cap plate 19 and the 
rotor body 18. The GGR principally solves the ventilation technology problem, 
but has several disadvantages: on the one hand, the additional installation of such 
a GGR is associated with significant expenditure. On the other hand, its function 
is threatened as soon as significant changes are made in the cooling gas stream 
(e.g., for a shorter generator or lower performance). Finally, the function of the 
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GGR depends on the rotation direction, so that the desired effect does not exist 
when the rotation direction is reversed. 

Summary of the Invention 

[0005] It is therefore the objective of the invention to design the rotor cooling of 
a generator of the initially mentioned type in such a way that the supply of the 
rotor with cooling gas is improved without major additional expenditure, and that, 
in particular, when the cooling gas enters the rotor, undesired eddies or eddy 
separations are substantially avoided in the cooling gas stream, and that the flow 
resistance is reduced. 

[0006] The core of the invention consists of avoiding separations of the cooling 
gas stream when the latter flows into the ring gap segments by providing a design 
with favorable flow characteristics for the sections of the end spacer plates, 
whereby said sections are projecting into the ring gap. 

[0007] A first preferred embodiment of the invention is characterized in that, 
when seen in circumferential direction, the side edges of the sections of the end 
spacer plates, whereby said sections are projecting into the cooling gas stream, are 
provided with either a bevel or bezel, or a curvature adapted to the flow with one 
or more curvature radii. The bevels or curvatures essentially prevent separations 
of the inflowing cooling gas in the edge area, and the flow resistance is reduced, 
thus improving the rotor cooling decisively under otherwise identical underlying 
conditions. In addition, essentially insignificant eddies are dissolved by the 



acceleration of the coolant between the curvature and the segment cross-section. It 
is hereby especially advantageous that the end spacer plates with the beveled or 
curved sections close off a warm gas chamber bordered on the sides by two axial, 
parallel chamber walls at the front, and the beveled or curved sections end flush 
with the chamber walls. 

[0008] A second preferred embodiment of the invention is characterized in that 
in the flow direction, upstream from the sections of the end spacer plates, one each 
additional gas guidance element is provided that deflects the cooling gas stream 
around the section. Independently from the curvature of the edges of the sections, 
the flow around these sections can be further homogenized and improved by the 
upstream gas guidance segments, whereby the separate gas guidance segments 
permit additional design and optimization possibilities. 

[0009] The suppression of separating eddies is yet improved further, when the 
gas guidance segment, according to a preferred further development, is provided 
upstream from the section, separated from it by a gap, and is provided with a 
convex curved outside that faces towards the cooling gas stream, and that the 
section of the end spacer plate and of the upstream gas guidance segment are 
designed so that cooling gas is pressed from the inlet side into the gap against the 
rotation direction of the rotor. The cooling gas flowing through the gap 
additionally prevents the formation of eddies when it flows out. In order to 
prevent interfering influences on the gap flow, it is hereby advantageous if the gas 
guide segment is constructed at its edge that is in the rear in the rotation direction 
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of the rotor in such a way that the cooling gas stream flowing through the gap is 
added to the cooling gas stream flowing into the adjoining ring gap segment 
essentially without a transition. 
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Brief Description of the Drawings 

[0010] The invention will be described in more detail below with reference to 
the drawings, wherein: 

yj [0011] Fig. 1A is a cross-sectional view through the (not unwound) rotor front 

side in the plane A-A of Fig. IB; 

[0012] Fig. IB is a top plan view of a rotor of the prior art; 
[0013] Fig. 1C is a diagram of the velocity triangle for the cooling gas stream; 
[0014] Fig. 2 A is a cross-sectional view of the rotor along the line A-A in Fig. 
IB, and showing a first preferred embodiment of the cooling gas stream guidance 
according to the invention; 

[0015] Fig. 2B is a top plan view of a rotor in accordance with this invention, 
with an end spacer plate rounded at the edges; 

[0016] Fig. 3 A is a cross-sectional view of the rotor along the line A-A in Fig. 
3B and showing a second preferred embodiment of the cooling gas stream 
guidance according to the invention, with an end spacer plate rounded at the edges; 
[0017] Fig. 3B is a top plan view of a rotor in accordance with the second 
embodiment of the cooling gas stream guidance; 
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[0018] Fig. 4 A is a cross-sectional view of the rotor along the line A- A in Fig. 
4B and showing a third preferred embodiment of the cooling gas stream guidance 
according to the invention; 

[0019] Fig. 4B is a top plan view of a rotor in accordance with the third 
preferred embodiment of the cooling gas stream guidance; 
[0020] Fig. 5 A is a cross-sectional view of the rotor along the line A- A in Fig. 
5B and showing a fourth preferred embodiment of the cooling gas stream guidance 
according to the invention; 

[0021] Fig. 5B is a top plan view of a rotor in accordance with the fourth 
preferred embodiment of the cooling gas stream guidance; 
[0022] Fig. 6 A is a cross-sectional view of the rotor along the line A- A in Fig. 
6B and showing a fifth preferred embodiment of the cooling gas stream guidance 
according to the invention; and 

[0023] Fig. 6B is a top plan view of a rotor in accordance with the fifth 
preferred embodiment of the cooling gas stream guidance. 

Detailed Description of the Invention 

[0024] In most cases of the described turbo generator rotor, no gas guide rings 
(GGR) are needed in order to achieve additional pressure for the rotor cooling. 
An improved material utilization as well as improved running properties 
(prevention of thermal unbalance) are achieved if the design is changed at the rotor 
inlet in order to avoid eddy formations (eddies 27 in Fig. IB) at the coolant inlet as 



much as possible. The concept of the invention therefore consists of an 
improvement of the cooling gas supply (cooling stream distribution and volume 
through reduced stream rotor inlet resistance) of all turbo generators and, in the 
particular case, in the substitution of the GGR by avoiding the inlet stream 
separations. 

[0025] Fig. 2 shows a first preferred embodiment of the cooling gas stream 
guidance according to the invention in a view comparable to Fig. 1A and IB. The 
section 16' of the end spacer plate 16, whereby said section is projecting into the 
ring gap, in this case is provided not only with an overhang over the chamber 
walls 15, 15' that is shorter than in Fig. 1, (or even ends flush with the chamber 
walls 15, 15'), but primarily is provided with curvatures 28 (or bevels or bezels) at 
the lateral edges of section 16* . The shortening (or flush termination) and the 
curvatures 28, adapted in their curvature radius to the inflowing cooling gas 
stream, prevent the formation of eddies as much as possible, and the inflow 
resistance coefficient is clearly reduced. 

[0026] Fig. 3 shows a second embodiment of the invention. The section 16' of 
the end spacer plate 16, which has rounded edges, is here preceded by an 
additional gas guidance segment 17. The gas guidance segment 17 and end spacer 
plate 16 are separated from each other by a gap 29. The gas guidance segment 17, 
which here has a convex curved outside towards the cooling gas stream, guides the 
cooling gas stream around section 16* in a manner advantageous for the flow. 



[0027] In a third embodiment in Fig. 4, the gas guidance segment 17 is 
lengthened in circumferential direction relative to section 16* . The gap 29 
therefore can be used with respect to flow technology so that a small amount of 
coolant is pressed through the gap from the inlet side 30 as a result of the elevated 
dynamic pressure, in order to fill or dissolve any still existing eddies. 
[0028] Another embodiment is shown in Fig. 5. Here the gas guidance segment 
17 attached to the cap plate 19 has been improved even more with respect to flow 
technology by providing it with an inwardly curved nose 3 1 at the outlet side of 
the gap 29. In this way, the cooling gas flowing out of the gap 29 can be returned 
better (in terms of flow) into the cooling stream of the rotor 10. 
[0029] Another embodiment according to Fig. 6 eliminates the additional gas 
guidance segment 17. In this case, the section 16' of the end spacer plate 16, 
whereby said section is projecting into the ring gap, has a greater thickness than 
the remaining part of the end spacer plate 16 and projects with its side facing the 
cooling gas stream into the area below the cap plate 19. In this way, a greater 
curvature radius can be realized at the edges of the section 16 \ which benefits the 
flow in the inlet. 

[0030] Overall, the invention provides a simple and material-saving 
improvement and homogenization of the rotor cooling, which— except for the 
embodiment shown in Fig. 5— can be used without changes for both rotation 
directions of the rotor 10. 



